We investigate the simplest gauge theory for spontaneous R-parity breaking and its testability at the LHC. This theory, based on a local B-L gauge symmetry, can be considered as the simplest framework for understanding the origin of the R-parity violating interactions, giving rise to potential lepton number violating signals and suppressed baryon number violating operators. The full spectrum of the theory and the constraints coming from neutrino masses are analyzed in detail. We discuss the proton decay issue and the possible dark matter candidates. In order to assess the testability of the theory we study the properties of the new gauge boson, the neutralino decays and the main production channels for the charged sleptons at the LHC. We find that final states with four charged leptons, three of them with the same-sign, and four jets are the most striking signals for the testability of the lepton number violation associated with spontaneous R-parity violation at the LHC.
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I. INTRODUCTION
The Large Hadron Collider (LHC) will hopefully soon discover the underlying theory for the TeV scale and might allow us to understand a more fundamental law of nature. For more than three decades the idea of Supersymmetry has attracted the attention of many experts in the particle physics community and the minimal supersymmetric extension of the Standard Model [1] [2] [3] (MSSM) is still considered one of the most appealing candidates for the theory of particle physics at the TeV scale. It is well known that the MSSM provides an understanding of why the SM-like Higgs boson is light, contains a cold dark matter candidate, allows for the unification of the gauge couplings and allows for the mechanism of electroweak baryogenesis to explain the baryon asymmetry in the universe.
There are several open issues in the MSSM, one of them being the origin of the discrete symmetry Rparity [4, 5] . This symmetry plays a major role in the MSSM and it is defined as R = (−1) 3(B−L)+2S , where B, L and S stand for baryon number, lepton number and spin, respectively. In many MSSM studies it is assumed that R-parity is conserved or explicitly broken without understanding the origin of this symmetry.
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• Gauge Symmetry and Matter Fields: This theory is based on the gauge group 
In order to cancel the B − L anomalies one introduces three chiral superfields for the right-handed neutrinos:ν c ∼ (1, 0, 1).
• Higgs Sector: The Higgs sector is composed of two Higgs chiral superfields as in the MSSM
• Interactions: With this field content the superpotential reads as
where
In addition to the superpotential, the model is also specified by the soft terms:
where the terms not shown here correspond to terms in the soft MSSM potential.
Since we have a new gauge symmetry in the theory we need to modify the kinetic terms for all MSSM matter superfields, and include the kinetic term for right-handed neutrino superfields
HereV BL is the B-L vector superfield. Using these interactions we can study the full spectrum of the theory.
As in the MSSM, electroweak symmetry is broken by the vevs of H 0 u and H 0 d , while U (1) B−L is broken due to the vev of right-handed sneutrinos. Notice that this is the only field which can break local B − L and give mass to the new neutral gauge boson in the theory. Therefore, the theory predicts spontaneous R-parity violation. It is important to mention that the B − L and R-parity breaking scales are determined by the soft supersymmetric breaking scale, and one must expect lepton number violation at the LHC.
The neutral fields are defined as
and the relevant scalar potential reads as
Using the above scalar potential and assuming that all parameters are real we can find the minimization
In order to have phenomenological allowed solutions the v i L have to be small, and the v i R have to be much larger than v u , v d and v i L . Up to negligibly small terms 2 the right-handed sneutrino acquire a vev in only one family. A possible solution and the one used throughout this paper is v i R = (0, 0, v R ). In this case:
Notice that the minimization conditions for v u , Eq. (17), and v d , Eq. (18) are not greatly altered from their MSSM equivalents since the extra terms are very small.
A. Radiative Symmetry Breaking
In the MSSM, the large top Yukawa coupling drives the up-type soft Higgs mass squared parameter to negative values for generic boundary conditions leading to radiative electroweak symmetry breaking [18] ; a celebrated success of the MSSM. A valid question is then if the same success is possible in achieving a tachyonic right-handed sneutrino mass in this B − L model as required by Eq. (21) . Unfortunately, this is not possible through a large Yukawa coupling since the Yukawa couplings of the right-handed neutrino are all dictated to be small by neutrino masses. However, there is an alternate possibility whereby a positive mass squared parameter for the right-handed sneutrino at the high scale will run to a tachyonic value at the low scale. This is due to the presence of the so-called S-term (due to D-term contributions to the RGE) in the soft mass RGE, as discussed for this B − L model in [19] [20] [21] . A short outline of the mechanism follows.
The RGE for the right-handed sneutrino soft mass squared parameter is
2 The size would go as
The maximum values for Yν and vL are about 10 −6 and 10 −2 GeV, respectively, see 
having the necessary sign to contribute negatively to the sneutrino soft mass parameter as it is evolved from the high scale down. The necessary sizes of P and Q depend on the size of the gaugino mass parameter which has the opposite effect, see [19] [20] [21] for more details. So while, the traditional radiative symmetry breaking from universal boundary conditions is not possible in these models, it is possible to radiatively break B − L through this S-term starting from a positive value. For the implementation of the radiative mechanism in the non-minimal model see Ref. [22] .
IV. MASS SPECTRUM AND LEPTON NUMBER VIOLATION

A. R-Parity Violating Interactions
After symmetry breaking lepton number is spontaneously broken in the form of bilinear R-parity violating interactions. There are no trilinear R-parity violating interactions at the renormalizable level. These bilinear interactions mix the leptons with the Higgsinos and gauginos:
The first term is new and is the only term not suppressed by neutrino masses. The fifth term corresponds to the so-called term, and second, third and fourth terms are small but important for the decay of neutralinos and charginos. See Section V for the discussion of the baryon number violating operators.
There are also lepton number violating interactions coming from the soft terms and the B-L D-term.
From V sof t one gets
while from the D-term one finds
As one can expect these terms are important to understand the scalar sector of the theory.
B. Mass Spectrum
Gauge Boson: The neutral gauge boson associated to the B −L gauge group is Z BL . Using the covariant derivate for the right-handed sneutrinos,
µν c , the mass term for Z BL is:
Now, using the experimental collider constraint [23] :
and Eq. (21) one finds the condition
Then, if g BL = 0.1 the soft mass above has to be larger than 200 GeV. This condition can be easily satisfied without assuming a very heavy spectrum for the supersymmetric particles.
Neutralinos and Neutrinos: As in any supersymmetric theory where R-parity is broken all the fermions with the same quantum numbers mix and form physical states which are linear combinations of the original fields. The neutralinos in this theory are a linear combination of the fields,
Then, the neutralino mass matrix is given by
We have discussed above that only one right-handed sneutrinos get a vev, v i R = (0, 0, v R ). Now, integrating out the neutralinos one can find the mass matrix for the light neutrinos. In this case one has three active neutrinos and two sterile neutrinos, and the mass matrix in the basis (ν e , ν µ , ν τ , ν c e , ν c µ ) is given by
Here α and β take only the values 1 and 2. From the experimental limits on active neutrino masses we obtain (Y ν ) iα 10 −12 . This can be compared to (Y ν ) i3 10 −5 , which is less constrained because of the TeV scale seesaw suppression. It has been pointed out in Ref. [24, 25] (and earlier in a different context [7] ) that this theory predicts the existence of two light sterile neutrinos which are degenerate or lighter than the active neutrinos, a so-called 3 + 2 neutrino model. A sample possible spectrum is displayed in Fig. 1 .
Recently, it has been shown in [26] that precision cosmology and big-bang nucleosynthesis mildly favor extra radiation in the universe beyond photons and ordinary neutrinos, lending support to the existence of sub-eV sterile neutrinos. with
where c 2β = cos 2β, s W = sin θ W and 
The masses in the sneutrino sector are given by
and α = 1..2. For simplicity we listed the mass matrices in the limit v i L , a ν , Y ν → 0. For the most general expressions see Appendix A. It is important to mention that all sfermion masses are modified due to the existence of the B-L D-term.
In order to understand the properties of the spectrum we assume a simplified spectrum for the superpartners. In the case of the sfermions we will assume for simplicity the same value for all soft masses. In this case if we neglect the left-right mixing the full spectrum of sfermions will be defined by M SU SY (the universal soft supersymmetry breaking mass), tan β and the mass of the B-L gauge boson. Using this simplified spectrum we show in Fig.1 the values for the sfermion masses for different values of M Z BL . Notice that the condition that left-handed slepton masses have to be positive impose a bound on the M Z BL for a given value of M SU SY , i.e. M Z BL < √ 2ML. In this way, we can appreciate that the spectrum can be very constrained. As it is well-known, in the general case one cannot predict the spectrum since the soft masses are unknown. It is well-known that when R-parity is broken in a supersymmetric theory one has to understand the possible constraints coming from proton decay [27] . In the MSSM one has several interactions which could mediate proton decay at tree level and one-loop level. At the renormalizable level one has the lepton and baryon number violating interactions
which are not allowed in our theory before B-L breaking, and in general one has the dimension five operators
Notice that the first term in the above equation is not allowed in our theory, but the last terms can mediate proton decay. The operators QQQL and u c d c u c e c mediate proton decay at one-loop level and typically the scale Λ should be larger than 10 17 GeV in order to satisfy the experimental bounds on proton decay.
For a detailed discussion see Ref. [27] . 
from the channel p → K + ν. Then, assuming that λ 1123 ν c ∼ 1, and Y i3 ν ∼ 10 −6 (see Fig. 4 ) one gets Λ > 10 17 GeV. This constrain is similar to the one we get from the dimension five operators. Therefore, one can say that if the above couplings are order one the cutoff of the theory has to be large. Also one can think about possible scenarios where the couplings are small, see for example [28] .
At first glance, finding a dark matter in R-parity violating theories seems hopeless. But while the traditional neutralino LSP case is no longer valid, the situation is not lost. As first discussed in [29] , such models can have an unstable LSP gravitino, with a lifetime longer than the age of the universe. The strong suppression on its lifetime is due to both the planck mass (M P ) suppression associated with its interaction strength and bilinear R-parity violation which is small due to neutrino masses and must facilitate the decay of the LSP. In the mass insertion approximation, this can be understood as the gravitino going into a photon and neutralino which then has some small mixing with the neutrino due to R-parity violation (m χ ν ), thereby allowingG → γν as in Fig. 3 . Adopting approximations made in [29] , the lifetime for the gravitino decaying into a photon and neutrino (in years) is about 
which for appropriate values of the gravitino mass leads to a long enough life time. Unlike in R-parity conserving models with a gravitino LSP, there are no issues with big bang nucleosynthesis from slow NLSP decay since the NLSP decays more promptly through R-parity violating interactions. Several interesting studies have been conducted on the signatures and constraints of unstable gravitino dark matter, see for example [29, 30] .
VI. EXPERIMENTAL CONSTRAINTS
In order to understand the different lepton number violating decays in the theory we need to understand which are the main constraints from neutrino experiments. Today, we know well the numerical values for two of the neutrino mixings and the mass squared differences. The neutrino mixing matrix V P M N S is defined as 
where c ij = cos θ ij and s ij = sin θ ij with 0 ≤ θ ij ≤ π/2. The physical neutrino masses are contained in
As it is well-known, there are two possible neutrino spectra:
where [31] 7.27 × 10
are the solar and atmospheric mass squared differences, respectively.
In order to understand the allowed values for the vevs of the left-handed sneutrinos and the Dirac Yukawa couplings we assume for simplicity that the off-diagonal block matrices in Eq. (31) are zero, hence decoupling the two light sterile neutrinos from the active ones. In this case, all neutrino masses and mixing originate from the upper-left block matrix in Eq. (31), which we label m ν . The flavor pattern, and hence the rank of this matrix, dictates that one neutrino will be massless. This matrix is diagonalized by the PMNS matrix
where 2 21 , 0) in the Inverted Hierarchy. This yields a system of six equations quadratic in the vevs of the right-handed sneutrinos and Yukawa couplings, although solving for these is not the most efficient way to proceed. Instead, notice that the product above yields the following six
• Normal Hierarchy
In the Normal Hierarchy one obtains the following six equations
In order for these equations to be consistent, V 1 = Y 1 = 0. While this condition represents some fine-tuning between parameters, it is a result of the simplifying assumption that the sterile and active light states decouple. In a more general scenario, this condition would not be necessary.
The remaining system of equations, the last three, is underdetermined with three equations and four unknowns. Solving with respect to Y 3 yields
with • Inverted Hierarchy
In the case of the inverted spectrum one can use the same procedure. However, one needs to make the following replacements:
In this way when we solve the equations for V i and Y i , one obtains V 3 = 0, Y 3 = 0 and the solutions above where we have made the previous substitutions.
Parameter Range M 1 100 -1200 GeV M 2 100 -1200 GeV |µ| 100 -1200 GeV tan β 3 -50 In Fig. 4 we show the allowed values for the vevs of the left-handed sneutrinos and the Dirac Yukawa couplings for a scan over the parameters listed in Table I . As one can appreciate the allowed values for v i L are in the range (10 −2 − 10) MeV while the Yukawa couplings change between 10 −7 and 10 −5 . Now, using these results we are ready to discuss all R-parity violating decays. Table I .
VII. LEPTON NUMBER VIOLATION AND DECAYS
At this point, the relevant pieces of this model have be laid out and the question of interesting signals can now be tackled. Since lepton number is violated, same-sign dileptons and multijet are possible final states. Such signatures are interesting since they have no SM background. However, the final states depend critically on the nature of the LSP and since R-parity is violated the possibilities are more numerous than normal, i.e. colored and charged fields.
These possibilities are briefly discuss in Appendix D. We find that the most clear single of lepton number violation (and therefore the most interesting for us) results from the decays of a neutralino LSP through the process (see Fig 5) 3 :
In order to quantify this signal we will continue by investigating the decays of the Z BL gauge boson, the charged slepton and the neutralino and in the next section, the production mechanism for the charged sleptons at the LHC.
Topology of the signals with multi-leptons. 3 Throughout this paper, shorthand such as pp →ẽ * ẽ represents the process pp →ẽ * ẽ + X, where the activity associated with X has low transverse momentum and is not associated with the relevant physics of interest. Alternatively, this notation represents all possible production methods ofẽ * ẽ from the partons inside the proton taking their respective parton distribution functions into account.
A. B-L Gauge Boson Decays
The Z BL boson can decay into a pair of charged fermions, light neutrinos, and into two sfermions. The partial widths for the decay into particles P 1 , P 2 of masses m 1 , m 2 are given by
where the squared matrix elements for specific final states are in Appendix B. The Z BL branching ratios are plotted in Fig. 6 
B. Charged Slepton Decays
The leading decay channels for the charged left-handed sleptons,ẽ ± i , are the decays into neutralinos and charginosẽ
where i, j are lepton generational indices, a labels the neutralinos from lightest to heaviest and A labels the charginos from lightest to heaviest. In addition to these decay modes there are various R-parity violating decays which only dominate when the slepton is the LSP. The last channel above usually involves an offshell product particle (a three-body decay) and is therefore suppressed. The decay widths for the remaining two relevant channels are given by
where N ab diagonalizes the neutralino mass matrix and in the chargino sector one has 
meaning a 33% branching ratio for a charged slepton into a wino LSP. Meanwhile, the left-handed selectron does not couple to the charged Higgsino. Therefore, in the same limit where all other neutralinos and charginos are out of kinematic range, the charged sleptons decays one hundred percent into the LSP for a Higgsino LSP.
C. Neutralino Decays
The leading decay channels for the lightest neutralino,χ 0 1 , includẽ
The amplitude for the two first channels are proportional to the mixing between the leptons and neutralinos, while the last one is proportional to the Dirac-like Yukawa terms. While decays to all the MSSM Higgses are possible, typically, only the lightest MSSM Higgs, h (k = 1), is light enough for the scenario we consider here and so we will only take it into account.
A naive estimation of the decay width yields
where V χν is the mixing between the neutralino and neutrino which is proportional to m ν /M χ . Assuming that m ν < 0.1 eV the decay length one finds L(χ 0 1 ) 0.6 mm. Therefore, even without making a detailed analysis of the decays of the lightest neutralino one expects signals with lepton number violation and displaced vertices in part of the parameter space. For a recent analysis of the neutralino decays in R-parity violating models see Ref. [32, 33] .
The specific decay width expressions are
Here α is the mixing angle in the Higgs sector and in the decoupling limit, M 2 A M 2 Z , which we assume: cos α = sin β. The index i indicates the generation of lepton and a the neutralino with a = 6 is the heaviest and a = 1 is the lightest. These expressions depend on the mixing between the light neutrinos and the neutralinos, V ia , which is derived in Appendix C. Of course, only the decays of the LSP are relevant since the decays of the other neutralinos will be dominated by R-parity conserving decays, hence a = 1 for our purposes. Table I displays the values of interest for a specific point in parameter space to gain an appreciation for possible values. Notice that in these scenarios the branching ratios for the channels with charged leptons can be large.
In Figs. 8-10 are the decay lengths versus LSP mass resulting from a scan over all the possible values of 1 and 2 and over the parameters and ranges specified in Table I . The points are divided according to the largest component of the LSP and the neutrino hierarchy with a dominantly bino, wino and Higgsino LSP in the NH shown in (a) and for an IH in (b), respectively. The relevant decay lengths can be understood by studying the mixings in Eq. (30) . Since the higgsino-neutrino decay strength is the largest, ∼ Y ν v R , the Higgsino LSP has the shortest decay length. It is followed by the wino LSP with mixing ∼ g 2 v L and finally the bino with coupling ∼ g 1 v L and therefore the largest possible decay lengths. Displaced vertices associated with the lifetime of the LSP will only be discernible in a very limited part of the parameter space.
The LSP branching ratios into the various possible channels versus the LSP mass are displayed in 
Decay Length 0.6 mm 0.01 mm 1 × 10 −5 mm Parameters are scanned according to the ranges specified in Table I and over all values of 1 and 2 .
Figs. 11-13 scanning over the parameters in Table I and Table I and over all values of 1 and 2 .
ν Z and ν h channels are due to the sum over all three flavors of neutrinos and also exists for the sum over the three charged lepton plus W ± channels which total about 50% (or more if the other channels hadn't fully turned on yet). Although it is not obvious from the Figs. 11-13, the branching ratio to the electron W ± channel is always smaller then either the µ ∓ W ± or the τ ∓ W ± in the NH. Since we now know the properties of the neutralinos and selectrons decays we are ready to study the production channels. Parameters are scanned according to the ranges specified in Table I Parameters are scanned according to the ranges specified in Table I and over all values of 1 and 2 .
VIII. PRODUCTION MECHANISMS AND SIGNALS
The lepton number violating signal discussed in the beginning of the previous section proceeds from the pair production of charged sleptons. While the MSSM contributions to this production drop rapidly with charged slepton mass (since that mass must be above the Z threshold), in this model further contributions due to the Z resonance can significantly increase the cross section. These enhancement are discussed first Parameters are scanned according to the ranges specified in Table I and over all values of 1 and 2 .
followed by a study of the expected number of events at the LHC.
A. Sleptons Production Mechanisms
The main production channel for the charged sleptons is through the photon, the Z gauge boson and the
The hadronic cross section is given by
where τ 0 = 4M 2 e /s and the differential partonic cross section is
Here dPS (2) = dt/8πŝ is the two particle phase-space element andŝ = τ s, where s is the hadronic centerof-mass energy squared. As it is well-known the parton luminosities are given by
where the functions f a/A (x, µ) are the particle distribution functions (PDFs). The amplitude squared for these processes can be written as
Here L f = I 3 f − e f sin 2 θ W and R f = −e f sin 2 θ W , where I 3 f is the isospin of the fermion f. Now, using the equationsû
we can compute the cross section
The numerical results for the selectron production cross sections are shown in Fig. 14 for different scenarios, with g BL assumed to be the maximum value allowed by the experimental constraints: Eq (28).
We have compared our analytical results for the cross section with the results in Ref. [35] and found the same result in the case of the MSSM. In Fig. 14 we can see that even in the MSSM the cross section can be large and when the Z BL is included the cross section can be even larger due to the resonance enhancement.
For example when the M Z BL = 1 TeV one can have a cross section above 1 fb where the selectron mass is below 450 GeV and √ s = 7 TeV.
B. Signals with Multi-Leptons
In this paper we wish to investigate the most promising signals associated with lepton number violation, through the process The gauge coupling g BL is assumed to be at the maximum value allowed by the experimental constraints: Eq (28).
where i, j, k = 1..3 are generational indices. See Fig. 5 for the illustration of these signals. However, we will focus on the electron and muon channels since hadronic activity associated with the tau would blemish the signal of lepton number violation, namely three same-sign leptons, one lepton with opposite sign, four jets and no missing energy. Taking a cue from Eq. (38), which shows that the left-handed (right-handed) sleptons receive a negative (positive) contribution to their mass from the B − L D-term, we assume that only the left-handed sleptons are producible through this process.
We begin by giving an estimate for the number of events in the limit of mostly bino, wino and Higgsino LSP. We present results for a 7 TeV LHC with 10 fb −1 of data. The combinatorics factor for the channels of interest are given by
so that the final states are
We assume that Br ẽ
1 ∼ 100%, 33%, 100% for a bino, wino and Higgsino LSP respectively, following the discussion in Section VII B. The branching ratio of the W boson into jets is about 67%. For the RPV neutralino decays we pick the most prominent regions from Figs. 11 -13 and display these values along with F jk in Table III . Values are shown for both the normal and inverted hierarchies.
To calculate the number of events expected after 10 fb −1 of data, we convolute the combinatorics in Table III with the cross sections for a 1 TeV Z BL shown in Fig. 14 In order to understand the testability of the model at the LHC we show curves of constant number of could observe a few events with multileptons and four jets. It is important to mention we satisfy the recent bounds coming from ATLAS [36, 37] . 
IX. SUMMARY AND OUTLOOK
In this article we have studied in detail the theory proposed in Ref. [15] which we consider the simplest gauge theory for R-parity violation. This theory makes a prediction for the LHC since in order to break the B-L gauge symmetry the right-handed sneutrino must get a vacuum expectation value and one should observe lepton number violation at colliders. We have found the following results: • In Fig. 2 we have illustrated in a simple way that one can have a realistic scenario for all sfermion masses even if some of the sfermion masses have a negative and large contribution from the B-L D-term in the theory. We have shown that in order to avoid tachyonic masses one should satisfy the condition M Z BL < √ 2mL. This is a simple result which helps us to understand the constraints on the spectrum.
• The full spectrum of the theory and the constraints coming from neutrino masses were analyzed in detail. The spectrum for neutrinos is interesting since it contains five light neutrinos: three active neutrinos and two sterile neutrinos. Using the experimental constraints on the masses and mixing for the active neutrinos we show in Fig. 4 the allowed values for the vacuum expectations of the left-handed neutrinos and the Yukawa couplings. As we have discussed in the text, these results are crucial to understand the decays of the lightest supersymmetric particle in the theory.
• In Figs. 5 and 6 we have shown the properties of the new neutral gauge boson in the theory, the B-L gauge boson. Since one has two extra light neutrinos in the theory the invisible decay width is larger in this case. The contributions of the supersymmetric particle to the decay width are small and so the Z BL is like the B-L gauge boson in the non-SUSY scenarios.
• We have investigated the neutralinos decays in great detail. In Figs. 7-9 
in the Normal Hierarchy and
in the Inverted Hierarchy, in majority of the parameter space.
• We have studied the main production channels for the charged sleptons at the LHC. In this case one can produce the charged sleptons through the photon and the Z as in the MSSM, and through the new neutral gauge boson, Z BL , in our model. As we have shown in Fig. 13 the production cross section can be large and thanks to the presence of the Z BL one can have even larger values for the cross section due to the resonance enhancement. We should point out that this production channel (throught the photon and Z) is very important to understand the signals in any model for R-parity violation.
• The most striking signals for lepton number violation in this context are the channels with three leptons with the same electric charge and four jets. In Fig. 15-19 we have shown that one can have a large number of events at the LHC with only 10 fb −1 . The background for these channels is suppressed, therefore there is a hope to test or rule out this theory in the near future.
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Appendix A: Mass Matrices
In the case of the CP-odd neutral scalars, in the basis (A L , A R , A d , A u ), one finds that the mass matrix reads as
while for the CP-even scalars, in the basis (h L , h R , h d , h u ), one finds:
In the case of the charged scalars, in the basis (ẽ, (ẽ c ) * , H − u , H − d ) the mass matrix reads as:
with
In the above equations C 2 11 and C 2 22 are given by 
We also define for convenience: B ν = (Y e µv u − a e v d ).
The violation of R-parity increases the space of possible LSPs, which is now no longer restricted to chargeless fields. We therefore take the time here to make a quick survey of the possible final states in this model. For each possible LSP, we consider its production, if lepton number violation is observable in principle and if there are any obstruction to this observation. Finally, we judge which LSP leads to the most interesting signals. For us, these are the signals where lepton number violation is explicit: same-sign leptons with no missing energy (which might be due to neutrinos thereby confounding the counting of lepton number). Of course this can only arise from neutral LSPs.
• Gluino (g) LSP:
Gluino pairs are produced through strong cross sections at the LHC. Their possible decays are pp →gg → ttbb e 
For Mg = 100 GeV, Mq = 500 GeV, Mχ+ = 500 GeV and v i L = 10 MeV, one finds that the decay width is smaller than 10 −13 GeV: a long enough lifetime for the gluino to form bound states but short enough so that it decays within the detector.
In principle, these channels can yield spectacular signals at the LHC. However a recent inclusive analysis in the search for isolated same-sign muons published by the ATLAS collaboration has placed a model independent upper bound on the gluino pair production cross section of 58 fb [34] . Imposing this bound translate into a lower bound on the gluino mass of around 1 TeV indicating a heavy SUSY spectrum. Since we are interested in the scenarios with low energy supersymmetry we do not pursue this scenario further.
• Squark (q) LSP:
A stop LSP allows for final states with two third generation quarks of the same type and two leptons:
pp →t * t →bb e These channels have strong cross sections but do not provide information on the violation of the total lepton number. Since squarks in this case act as leptoquarks (each decaying into a quark and lepton) bounds on this scenario can be derived from leptoquark searches.
• Charged slepton (ẽ i ) LSP:
Charged sleptons can be pair produced through the Z and Z BL , with signals pp →ẽ * iẽ i →tt bb, e and the charginos (neutralinos).
• Sneutrino (ν i ) LSP:
Sneutrino pair production also proceeds through the Z and Z BL with the following possible final states:
pp →ν * ν → bb bb, νννν, e The first final state results from the R-parity violating mixing of the sneutrino with the Higgs boson, while the latter two states are due to the R-parity violating mixing between the charged leptons (neutrinos) and the charginos (neutralinos).
• Chargino (χ ± ) LSP:
Charginos pair production is possible through the Z and leads to channels with two charged leptons due to the R-parity violating mixing between the charged leptons (neutrinos) and the charginos (neutralinos).
pp →χ +χ− → e While in this case lepton flavor violation is observable, total lepton number cannot be probed.
• Neutralino (χ 0 1 ) LSP:
This scenario allows for several interesting channels with lepton number violation. If the neutralino is Higgsino-like the pair production (See Section VII C for information on neutralino decays):
is possible through the Z, as well as associated production which gives rise to channels with three charged leptons:
Unfortunately, these channels are interesting only in the Higgsino-like neutralino scenario and in general the cross sections can be small. However, striking channels with three same-sign charged leptons, multijets and no missing energy through the pair production of selectrons are generally present:
pp →ẽ * iẽ i → e Such striking signals maybe the signatures that help test this model at the LHC. As we show above, the production cross section can be large and there are no relevant backgrounds.
